Objective To investigate if walking is independently associated with low back pain (LBP) in the general population. Methods This cross-sectional study used public data from the Fourth and Fifth Korean National Health and Nutrition Examination Survey. Subjects included 5,982 community-dwelling adults aged ≥50 years. Presence of current LBP was defined as LBP for 1 month or more in the past 3 months. Walking was measured as total walking duration for the past week and subjects were divided into four quartiles. Independent effect of walking on LBP was determined using odds ratios (OR) adjusted for age, sex, osteoporosis, depression or anxiety, and radiographic lumbar spondylosis. Results Prevalence of LBP was 26.4% in this population. Older people and women had higher prevalence of current LBP. Prevalence of obesity and osteoporosis was higher in subjects with current LBP and quality of life was poorer in subjects with current LBP. Adjusted logistic regression model revealed that older age (OR, 1.655; p=0.018), female sex (OR, 2.578; p<0.001), radiographic lumbar spondylosis (OR, 2.728; p<0.001), depression or anxiety (OR, 5.409; p<0.001), and presence of osteoporosis (OR, 1.467; p=0.002) were positively associated with current LBP. Walking decreased prevalence of current LBP proportionally (2nd quartile OR, 0.795; 3rd quartile OR, 0.770; and 4th quartile OR, 0.686 compared with the 1st quartile of walking). Conclusion Walking was negatively associated with LBP. Further studies are needed to reveal causal relationship of this phenomenon.
INTRODUCTION
Physical inactivity or a sedentary lifestyle has been linked to several musculoskeletal issues [1, 2] . It may be a risk factor for development of chronic pain [3] . In several cross-sectional studies, physical inactivity was associated with high prevalence of musculoskeletal pain [4] [5] [6] . Regular physical activity is a protective factor against many musculoskeletal diseases. A 1-year prospective cohort study suggested that increasing the number of steps walked daily is a protective factor against neck pain in a sedentary population [7] . A 14-year prospective longitudinal study reported that long-term aerobic exercise was associated with reducing musculoskeletal pain compared to sedentary controls [8] .
Walking is the most common aerobic exercise and has been advocated by public health initiatives [9] . Walking may prevent several chronic medical issues [10, 11] , and walking speed is associated with survival in older adults [12] . A study suggested that a timed usual gait provides predictive value for disability onset [13] . Walking 4-5 km daily improves mood, quality of life, self-confidence and reduces metabolic risk [14] . The European Working Group on Sarcopenia recommended that walking speed be used to measure individual performance for clinical practice and research [15] . As walking is an accessible aerobic exercise, it may be recommended by healthcare professionals to subjects, including the elderly.
Low back pain (LBP) is the most prevalent musculoskeletal issue that may affect one's lifestyle [16] . It is a major burden on public health [17] . Lifetime prevalence of LBP is as high as 84%, while prevalence of chronic LBP is approximately 23% [18, 19] . Although a recent clinical guideline suggested that patients with chronic LBP should be prescribed exercise therapy [20] , few studies have identified which exercises are more effective [21] and association between walking and LBP has not been fully investigated. In our study, we focused on investigating if walking is independently associated with LBP in the population. We hypothesized that walking may be negatively correlated with presence of LBP.
MATERIALS AND METHODS

Study population
This cross-sectional study used public data of 17,476 community-dwelling people from the V-1 and V-2 Korean National Health and Nutrition Examination Survey (KNHANES) from 2010-2011. We analyzed target subjects age ≥ 50 that completed surveys on height, weight, waist circumference, presence of LBP, International Physical Activity Questionnaire (IPAQ) with examinations of dualenergy X-ray absorptiometry (DEXA) and plain radiography of the lumbar spine. All subjects were divided into four age subgroups: <60, 60-69, 70-79, and ≥80. A total of 5,982 subjects completed surveys and were included in this study. This study is an analysis of public data from the KNHANES and ethical approval was not required.
LBP and spine radiography
Presence of LBP was identified by asking participants if they had experienced LBP for 1 month or more during the last three months. According to responses, subjects were separated into LBP and control groups. Plain radiographies of the lumbar spine were conducted in weightbearing anteroposterior and lateral views. Radiographic findings were rated using the Kellgren/Lawrence grading system by two musculoskeletal radiologists with concordant grades accepted as follows: 0=normal; 1=definite osteophyte; and 2=intervertebral disc space narrowing, bone sclerosis, and large osteophytes. If there was a difference of 1 grade between the two radiologists' assessments, the higher grade was accepted [22] .
Obesity and bone mineral density
Body mass index (BMI) was calculated as the individual's body mass divided by the square of one's height (kg/m 2 ). Low body weight was defined as a BMI <18.5 kg/ m 2 and the cut-off value of obesity was a BMI ≥25 kg/m 2 [23] . Bone mineral density (BMD) in the lumbar spine was measured by DEXA (DISCOVERY-W fan-beam densitometer; Hologic Inc., Bedford, MA, USA) using standard procedures. Osteoporosis and osteopenia were defined as a T-score <-2.5 and a T-score between -2.5 and -1.0, respectively.
Walking measurements
The short version of the IPAQ in Korea [24] , measuring health-related physical activity in populations, was used to measure subjects' current walking. Number of days the subject walked ≥10 minutes at a time for the last 1 week was expressed. Walking was measured by total walking www.e-arm.org time in a week (TWT), calculated as follows:
TWT= walking days (days/week)× walking minutes (minutes/day).
Based on the TWT, subjects were divided into TWT quartiles.
Depression or anxiety
Degrees of depression or anxiety were assessed from the EQ-5D descriptive system [25] , describing health status according to the following five dimensions: mobility, self-care, usual activities, pain or discomfort, and anxiety or depression. Each dimension has three levels: no issues, some issues, and extreme issues. Depression/anxiety were divided into three subgroups. EQ-visual analog scale (VAS) records an individual's self-rated health on a VAS. Respondents recorded their health status from 0 (worst imaginable health) to 100 (best imaginable health) [26] .
Statistical analysis
Independent t-tests were used to compare age, anthropometric data, BMD of the lumbar spine, and TWT between LBP and control groups. Comparisons of sex ratio and the prevalence of obesity and osteoporosis between groups were conducted using the chi-square test. Independent effects of walking on LBP were determined using multivariate logistic regression models unadjusted and adjusted for the following five potential prognostic factors: age, sex, osteoporosis, depressive mood, and radiographic lumbar spondylosis. The adjusted model was developed through backward elimination with significance level of 0.2 to enter and 0.05 to stay. The authors evaluated possible multiple collinearities between covariates by correlation analysis and collinearity statistical tests (tolerance and variance inflation factor tests) as suggested for regression analysis. PASW Statistics ver. 18 (SPSS Inc., Chicago, IL, USA) was used for the analyses. A p-value <0.05 was considered significant.
RESULTS
Subjects' characteristics
Subjects' clinical characteristics according to presence or absence of LBP are shown in www.e-arm.org quartile) ( Table 2) .
DISCUSSION
The most important findings of this study were that prevalence of current LBP was 26.4% and subjects with current LBP were more likely to be older, obese, and osteoporotic than the control group. The LBP group had lower quality of life and engaged less in walking. Although BMI, obesity did not correlate with current LBP, older age, female sex, osteoporosis, depression or anxiety, radiographic degeneration, and less walking were significantly associated with it.
A few studies have insisted on limitations of excessive physical activity. Shiri et al. [27] proposed a U-shaped correlation between physical activity and radiating LBP. The authors suggested that high level of physical activity may increase the risk of radiating LBP, while moderate level of physical activity is recommended to prevent LBP. A cross-sectional study using KNHANES data reported that physical activity quartiles had U-shaped association with LBP in men [6] . Conflicting evidence about the relationship between physical activity and musculoskeletal pain may relate to heterogeneity in methods of assessing physical activity among studies [28] . In the two mentioned studies [6, 27] , the authors calculated physical activity using a combination of all physical activity types, ranging from leisurely to vigorous. The effects of walking alone could not be identified in these studies.
A prospective cohort study reported no significant association between daily walking and onset of LBP [7] . However, in this study, participants were workers with sedentary jobs, not a general population. Poor repeatability of daily walking outcome was revealed when weekend data were used (intra-class correlation coefficient, 0.17). Inconsistent activity recording may be accountable for fair repeatability of daily walking step outcomes. Hendrick et al. [29] revealed no positive effect of free-living walking to manage LBP and treadmill walking as management for LBP also revealed poor evidence from a systematic review. They suggested that it would be 'prudent' to recommend patients with LBP to encourage walking as an important treatment option. However, as they noted, a small sample size and poor methodological quality of target studies in the review may considerably weaken the effect of walking.
In our study, walking was associated with reduced risk of LBP. The association may be significantly independent because potential covariates were assessed using a logistic regression model. These findings are consistent with results of previous studies. Sculco et al. [30] conducted a case-control study and reported that low to moderate aerobic exercise including walking improves LBP and reduces need for physical therapy referrals and pain medication. A randomized controlled trial suggested that a pedometer-based 6 month-walking intervention revealed significant effect on back pain related disability [31] . The authors reported that Internet-mediated intervention may be effective in promoting a more rapid reduction in back pain related disability for chronic LBP patients. Torstensen et al. [32] revealed that a 12-week intervention with free-living walking (for 1 hour three times a week) reduced back pain. Therefore, regular walking may facilitate control and prevent development of LBP.
This study had several limitations. First, it was difficult to establish causal relationship between LBP and walking because of limitations of cross-sectional studies. It cannot be understated that subjects with current LBP have walked less frequently. Gait coordination is changed in patients with LBP [33] and they usually walk slower than the healthy population [34] . It is impossible to discriminate if subjects with LBP do less walking or walking had the protective effect of LBP. Second, information was obtained through self-reporting; therefore, self-selection and recall biases may have occurred. Third, although we categorized walking according to total exercise, we did not investigate other characteristics of walking such as intensity (speed), occupation, or leisure time. Therefore, further studies with long-term cohorts are required to investigate effectiveness of walking for LBP treatment to clarify results.
Walking was negatively associated with presence of LBP proportionate to walking frequency. This is the first clinical report to imply that LBP may be independently influenced by walking. Further longitudinal studies or controlled trials are needed to reveal causal relationship of this phenomenon.
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